ABSTRACT In this paper, a novel protocol for asymmetric bidirectional controlled quantum teleportation (ABCQT) by using the nine-qubit entangled state as a quantum channel is proposed. Alice transmits an arbitrary three-qubit entangled state to Bob and at the same time, Bob transmits an arbitrary single-qubit entangled state to Alice under the permission of a third party as a controller. This protocol is based on the Hadamard (H) gates, controlled-not (CNOT) operations, appropriate unitary operations, and single-qubit Von Neumann measurements (SM) which are more efficient than multi-qubit joint measurements (JM). This scheme explicitly shows how the channel of nine-qubit entangled state prepares, and it is discussed in six types of noisy scenarios (amplitude-damping, phase-damping, bit-flip, phase-flip, bit-phase-flip, and depolarizing noisy scenarios). Then, we analytically derive the fidelities of the ABCQT process and show that they only depend on the amplitude parameter of the initial state and the decoherence noisy rate. Finally, compared with previous schemes, this scheme also shows remarkable advantages.
I. INTRODUCTION
Quantum teleportation (QT) is a communication protocol in which quantum information can be transmitted from one location to another via shared entangled quantum channel. QT is a good illustration of the nature of quantum information, which can be transmitted but cannot be replicated. Since the original QT protocol was proposed by Bennett et al. [1] in 1993. Implementation of quantum teleportation has been experimentally presented in some of works [2] - [6] in various quantum systems such as the cavity QED system, ion-trap system, optical and photonic systems, many theoretical and experimental QT protocols have been presented so far [7] - [16] .
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Controlled quantum teleportation (CQT) is a branch of QT, where the third party or multi-party is introduced into the protocol. In CQT, controller shared the entanglement resource with senders and also can locally control the quality of the quantum channel, thus affecting the quality of the standard CQT. CQT was firstly presented by Karlsson and Bourennane [17] in 1998. In 2004, Yang et al. presented a multiparty CQT protocol to teleport multi-qubit quantum information. Later, various types of CQT protocols have been introduced [18] - [23] .
Bidirectional quantum teleportation (BQT) is a quantum communication process in which two parties exchange the quantum information. In 2013, the first BQT protocol was reported by Yang et al. Asymmetric bidirectional quantum teleportation (ABQT) is a process by which mutual exchange of quantum states of different natures is done through the use of quantum entangled channels. ABQT protocol was first created by Zha and Duan [24] in 2015 in which Alice transmits her single qubit entangled state to Bob and Bob wants to teleport his arbitrary two-qubit to Alice by using a maximally seven-qubit entangled state as a quantum channel. In 2017, Choudhury and Samanta proposed an ABQT protocol by using nine-qubit cluster state as quantum channel [25] .
Bidirectional controlled quantum teleportation (BCQT) is the combination of CQT and BQT. The first BCQT protocol was demonstrated by Qi and Song [26] in 2013 via five-qubit cluster state as quantum channel. In 2016, Jin proposed BQCT by using nine-qubit in noisy environments [27] . ABCQT combined ABQT with BCQT. In 2016, Li et al. firstly proposed an ABCQT protocol by using six-qubit cluster state [28] , in which the user Alice can transmit an arbitrary two-qubit entangled state to the user Bob and at the same time the user Bob can transmit an arbitrary single-qubit state to the user Alice. We firstly propose a ABCQT scheme for transmitting arbitrary three-qubit entangled state, in the previous scheme, the transmitted n (n >= 3) particles are pure state and (n < 3) are arbitrary state [29] - [32] .
In this paper, a protocol is proposed for implementing ABCQT by using a nine-qubit entangled state as quantum channel. Alice transmits an arbitrary three-qubit entangled state A 0 , A 1 and A 2 to Bob; and Bob simultaneously transmits an arbitrary single-qubit entangled state B to Alice via the control of the supervisor. It's worth noting that our nine-qubit entangled state channel can be prepared from nine single-qubit state product states by using H gates and CNOT operations. In this scheme, controlled-not operation, and appropriate unitary operations are necessary. To save resources of classical channel, this scheme only use single-qubit measurement basis. In actual communication, noise is a necessary factor to be considered. However, only few QT scheme was considered in noisy environment. Hence, we review the proposed protocol in six types of noisy environments including the amplitude-damping, phasedamping, bit-flip, phase-flip, bit-phase-flip and depolarizing noisy environment. A key ingredient in CQT or ABCQT is quantum channel that are supposed to be the entangled pure state and connect three parties (senders, receivers and controller). However, qubits that make up the entangled channel will inevitably suffer from quantum noise during the distribution among three parties. Consequently, the pure state transforms into mixed state and it affects the efficiency (the fidelity of output state) of ABCQT scheme seriously. This paper only considers that noise only affects the travel qubits of the quantum channel. Moreover, we analytically derive the output states and fidelities of the ABCQT process under the noise environments. Finally, it is found that the fidelities in these cases only related to the amplitude parameter of the initial state and the decoherence noisy rate.
The paper is organized as follows: Firstly, the process of construction of the quantum channel is given in section 2. The details of our ABCQT protocol are described in section 3. In section 4, The ABCQT scheme is discussed in six types of noisy environments (amplitude-damping, phase-damping, bit-flip, phase-flip, bit-phase-flip and depolarizing noisy environment). The comparison between this work with previous works is made in section 5. Finally, some discussions and conclusions are given in section 6.
II. THE CONSTRUCTION OF THE QUANTUM CHANNEL
In this ABCQT scheme, An arbitrary single-qubit entangled state and three-qubit entangled state can be transmitted by using nine-qubit entangled state as a quantum channel. In this section, the process of construction of the quantum channel [33] is given. The proposed quantum channel (ninequbit entangled state) is not only theoretically existent but also practically feasible. Quantum circuit of quantum channel can be created by using four H gates and five CNOT gates.
The nine-qubit product state as an input state, where
The construction of the quantum channel as follows: 1. Executing H operation on qubits a 0 , a 1 , a 2 , b 3 . is transformed to.
2. Preforming CNOT operations on qubit pairs (a 0 , b 0 ), (a 1 , b 1 ), (a 2 , b 2 ), (b 3 , a 3 ), (b 3 , c), respectively, where the first qubit as controlled qubit and the second qubit as target qubit. After that, the quantum channel can be constructed as (3) .
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The construction circuit of the quantum channel is shown in FIGURE. 1. Although the generation and maintenance of the multi-qubit entangled state is a difficult task, some experiments [34] - [37] have been carried out to study the multi-qubit entangled state. Therefore, we believe that advanced technology can make this task no longer difficult in the future.
III. THE SCHEME OF ABCQT PROTOCOL
In this section, the details of the ABCQT protocol will be described, Alice want to transmit an arbitrary three-qubit entangled state to Bob, Bob simultaneously want to transmit an arbitrary single-qubit entangled state to Alice under the permission of the controller Charlie. The entangled state to be transmitted are described by (4) .
where the coefficients of the original state satisfy |a 2 0 + a 2 1 + a 2 2 + a 2 3 + a 2 4 + a 2 5 + a 2 6 + a 2 7 | = 1 and |b 2 0 + b 2 1 | = 1. This protocol consists of the following steps:
Step 1: Assume Alice, Bob and Charlie share a nine-qubit entangled state as a quantum channel, as shown in (3). The qubits a 0 , a 1 , a 2 and a 3 belong to Alice, the qubits b 0 , b 1 , b 2 and b 3 belong to Bob, and the qubit c belong to Charlie. Therefore, the state of the whole system can be expressed by (5) .
Step 2: To implement the ABCQT protocol, Alice and Bob make CONT operations with qubits A 0 , A 1 , A 2 and B as controlled qubits, and qubits a 0 , a 1 , a 2 and b as target qubits respectively. The state will be transformed the form of (6) .
where |η i . . . {i = 0, 1, 2 · · · , 16} can be given in equation (39) in APPENDIX.
Step 3: Alice and Bob perform a single qubit measurement in Z-basis{|0 , |1 } on qubits a 0 , a 1 2 and a 3 will be converted to the same form:
Step 5: Alice and Bob perform a single qubit measurement in X-basis{|+ , |− } on qubits A 0 , A 1 , A 2 and B. The other qubits may collapse into one of the 16 possible states with the same probability, as shown in TABLE III in APPENDIX.
Step 6: Alice(Bob) an tells the measurement results to Bob(Alice) and Charlie via a classical channel. Then they apply appropriate unitary operation on qubits b 0 , b 1 , b 2 , a 3 and a 3 as shown in TABLE IV in APPENDIX. The state of the other qubits b 0 , b 1 , b 2 and c will be converted to the same form:
Step 7: Whether ABCQT protocol can be achieved depends on the controller Charlie. If Charlie allows for Alice and Bob to reconstruct the initial unknown state, he needs to carry out the single qubit measurement in X-basis on qubit c and tells his measured result to the receivers Alice and Bob via a classical channel. By combining information from Alice, Bob and Charlie, then Alice and Bob can realize the exchange of their secret quantum information if they make the appropriate unitary transformations on the qubits at hand. These operations are showed in TABLE V in APPENDIX. Bob receives quantum information of particles b 0 , b 1 , and b 2 , Alice receives quantum information of particle a 3 . As shown in (9) .
The scheme of asymmetric bidirectional controlled quantum teleportation protocol is successfully realized. 
The theoretical quantum circuit of this protocol is shown in FIGURE. 2.
Up to now, single qubit measurements, and the singlequbit unitary operations have already been realized in various quantum systems, such as the cavity QED system [2] , iontrap system [3] , and optical system [4] . So, we hope that our scheme will be implemented in the future with the advances in quantum information technology.
IV. THE ABCQT SHEME IN SIX NOISY ENVIRONMENTS
In actual quantum communication, it is impossible to have a noiseless environment. In this section, considering effect of noise on the ABCQT process, here, we review the proposed protocol in six types of noisy environments including the amplitude-damping, phase-damping, bit-flip, phase-flip, bitphase-flip and depolarizing noisy environment. And giving the output states in the noisy environment, and calculating and analyze the fidelities of the output states.
In this scheme, qubit c belongs to the Charlie in quantum channel. Charlie as a controller, this work has considered that the qubit c is not transmitted through the noisy environment, and it is not affected by the noise. These the six environment noise can be characterized by Kraus operators [38] , so we discuss the situation that the qubits a 0 , a 1 , a 2 , a 3 , b 0 , b 1 , b 2 , and b 3 are affected by the same Kraus operator.
In quantum noisy environment, a pure input state will be transformed into a mixed state, which is more effective to be represented by density operator rather than vector state. The proposed nine-qubit entangled state | a 0 a 1 a 2 b 0 b 1 b 2 a 3 cb 3 is a pure state, it is straightforward to obtain the corresponding
The effect of the noise on the density matrix can be stated as:
where r ∈ {A, P, B, W , F, D}. For r = A, i.e., for amplitude-damping noise m ∈ {0, 1}; for r = P, i.e., for phasedamping noise m ∈ {0, 1, 2}; for r = B, i.e., for bit-flip noise m ∈ {0, 1}; for r = W, i.e., phase-flip noise m ∈ {0, 1}; for r = F, i.e., for bit-phase-flip noise m ∈ {0, 1}; for r = D, i.e., for depolarizing noise m ∈ {0, 1, 2, 3}. The superscripts (a 0 , a 1 , a 2 , b 0 , b 1 , b 2 , a 3 , b 3 ) represent the operator E act on which qubit, ξ denotes a quantum operation which maps from ρ to ξ r (ρ) due to the noise. As a consequence of the noisy environment, the shared state would become a mixed state after the distribution of the qubits.
For recovering the original state, Alice and Bob can make appropriate operation on own qubits according to Alice's and Bob's and Charlie's measured results. Then, the final state ρ r out can be expressed as density matrix as shown in (11) . The density matrix that corresponding to quantum state
where is the partical trace
and U is a unitary operation to describe the ABCQT process, which is given by (12) , as shown at the bottom of this page.
Where k, l, m, n, o, p, q, s, t ∈ {1, 2}, with U i,j stands for CNOT operations on the qubits A 0 , A 1 , A 2 and B as control qubits and qubits a 0 , a 1 , a 2 and b 3 as target qubits. Depending upon the choice, the final output state can be obtained in noise. This ABCQT scheme has been discussed in ideal situation on section III, the final output state is | =
The effect of noise can be visualized by comparing the quantum state | in the noisy environment with the state ρ r out by using fidelity. Fidelity is a distance based measure corresponding to the closeness of two quantum states, which can be described as:
When passing through the noisy environment, the information of the quantum state will be lost, so by calculating the fidelity is an indirect description of how much information is lost. F = 1 means the perfect communication. If F becomes smaller and smaller, it indicates that we have lost more and more information in this ABCQT process. Next, the effect of six noisy environments (amplitudedamping, phase-damping, bit-flip, phase-flip, bit-phase-flip and depolarizing noisy environment) will be discussed on the ABCQT protocol.
A. AMPLITUDE-DAMPING NOISY ENVIRONMENT
An important application of quantum computing is to describe energy dissipation (an effect caused by the loss of energy from a quantum system), because of the interaction with amplitude-damping noisy environment, a system undergoes energy dissipation. The Kraus operators of amplitude-damping noise are (14) .
where η A (0 ≤ η A ≤ 1) describes the probability of missing a photon, and η A also is the decoherence rate. After the qubits a 0 ,
are transmitted through the amplitude-damping noisy environment, the quantum channel would become a mixed state, the density matrix ρ is rewrited as (15) , as shown at the top of the next page.
In amplitude-damping noise, calculating the output state (16), as shown at the top of the next page.
In amplitude-damping noise, the fidelity F A of the output state can be calculated according to (13) and (16): Equation (17), as shown at the top of the next page, shows that the fidelity depends on the amplitude parameter of the initial state and the decoherence rate in amplitude-damping noise. FIGURE. 3 (a)-(c) clearly illustrates the effect of amplitude-damping noise on the fidelity F A , it also illustrates the variation of the fidelity with amplitude parameter of the initial state and the decoherence rate η A . FIGURE. 3 can 
be easily observed that fidelity F A always decrease with the decoherence η A , and the fidelity slowly increases with the amplitude parameter a and b.
B. PHASE-DAMPING NOISY ENVIRONMENT
Phase damping is a noise process with purely quantum mechanical properties. It describes the loss of relative phase information in a quantum state without energy dissipation. 
The Kraus operators of phase-damping noise are (18) .
where η P (0 ≤ η P ≤ 1) is the possibility of loss of relative phase information. After the qubits
are transmitted through the phase-damping noisy environment, the density matrix ρ is rewrited as (19) , as shown at the top of the next page. In phase-damping noise, the output state can be calculated according to (20) , as shown at the top of the next page.
In phase-damping noise, the fidelity F P of the output state can be calculated according to (13) and (20): (21) shows that the fidelity depends on the amplitude parameter of the initial state and the decoherence rate in bit-flip noise. FIGURE. 4 (a)-(c) clearly illustrates the effect of phase-damping noise on the fidelity F P , it also illustrates the variation of the fidelity with amplitude parameter of the initial state and the decoherence rate η P . FIGURE. 4 can be easily observed that fidelity F P always decrease with the decoherence η P , and when the decoherence rate and the amplitude parameters of the original state are in a specific combination, it also shows an upward trend to F P = 1. The fidelity takes on a variety of changes with the change of amplitude parameters a and b.
C. BIT-FLIP NOISY ENVIRONMENT
In bit-flip noisy environment, the bit-flip noise generates a bit-flip error with the probability η B (0 ≤ η B ≤ 1), and is left invariant with the probability 1 − η B . The Kraus operators of bit-flip noise are (22) .
After the qubits a 0 , a 1 , a 2 , a 3 (b 0 , b 1 , b 2 , b 3 ) are transmitted through the bit-flip noisy environment, the density matrix ρ is rewrited as (23) , as shown at the top of the next page. In bit-flip noise, the output state (ρ B out ) b 0 b 1 b 2 a 3 can be calculated according to (24) , as shown at the top of the next page.
In bit-flip noise, fidelity F B of the output state can be calculated according to (13) and (24): (1 − η P ) 8 [|000000000 + |000000111 + |001001000 + |001001111 + |010010000 + |010010111 + |011011000 + |01101111 + |100100000 + |100100111 + |101101000 + |101101111 + |110110000 8 [|000000000 + |000000111 + |001001000 + |001001111 + |010010000 + |010010111 + |011011000 + |011011111 + |100100000 + |100100111 + |101101000 + |101101111 + |110110000 
Equation (25) shows that the fidelity depends on the amplitude parameter of the initial state and the decoherence rate in bit-flip noise. FIGURE. 5 (a)-(c) clearly illustrates the effect of bit-flip noise on the fidelity F B , it also illustrates the variation of the fidelity with amplitude parameter of the initial state and the decoherence rate η B . FIGURE. 5 can be easily observed that fidelity F B always decrease with the decoherence η B and when the decoherence rate is large, it also VOLUME 7, 2019 FIGURE 4. Effect of phase-damping noise on ABCQT scheme is visualized through variation of fidelity F P is related to amplitude information of the initial states and decoherence rate for various situations: Figure (a) with
shows an upward trend. The fidelity F B peaks at point (a,b)= ( √ 2/2, √ 2/2) with the change of amplitude parameters a and b.
D. PHASE-FLIP NOISY ENVIRONMENT
In this noisy environment, the relative phase will flip with the probability η W (0 ≤ η W ≤ 1) and is left invariant with the probability 1 − η W . The Kraus operators of phase-flip noise are (26) . a 0 , a 1 , a 2 , a 3 (b 0 , b 1 , b 2 , b 3 ) are transmitted through the phase-flip noisy environment, the density matrix ρ can be rewrited as (27) , as shown at the bottom of the next page.
After the qubits
In phase-flip noise, the output state (ρ W out ) b 0 b 1 b 2 a 3 can be calculated according to (28) , as shown at the bottom of the next page.
In phase-flip noise, the fidelity F W of the output state can be calculated according to (13) and (28):
Equation (29) shows that the fidelity only depends on the decoherence rate in phase-flip noise. FIGURE. 6 clearly illustrates the effect of bit-flip noise on the fidelity F W and 75254 VOLUME 7, 2019 FIGURE 6. Effect of phase-flip noise on ABCQT scheme is visualized through variation of fidelity F W .
variation of the fidelity with the decoherence rate η W . FIG-URE. 6 can be easily observed that fidelity F W shows a trend of decreasing first and then rising with the increase of decoherence η W , when η W = 1/2, F W reaches the minimum.
E. BIT-PHASE-FLIP NOISY ENVIRONMENT
The Kraus operators of bit-phase-flip noise are (30) .
In this noisy environment, the bit-phase will flip with the probability η F (0 ≤ η F ≤ 1), and is left invariant with the probability 1 − η F . After the qubits a 0 , a 1 , a 2 , a 3 (b 0 , b 1 , b 2 , b 3 ) are transmitted through the bitphase-flip noisy environment, the density matrix ρ is rewrited as (31) , as shown at the top of the next page.
In bit-phase-flip noise, the output state (ρ F out ) b 0 b 1 b 2 a 3 can be calculated according to (32) , as shown at the top of the next page.
In bit-phase-flip noise, fidelity F F of the output state can be calculated according to (13) and (32) .
Equation (33) shows that the fidelity depends on the amplitude parameter of the initial state and the decoherence rate in bit-phase-flip noise. FIGURE. 7 (a)-(c) clearly illustrates the effect of bit-phase-flip noise on the fidelity F F , it also illustrates the variation of the fidelity with amplitude parameter of the initial state and the decoherence rate η F . Similar to the bit-noise case, FIGURE. 7 and FIGURE 5 coincide exactly can be easily observe that fidelity F F always decrease and when the decoherence rate is large, it also shows an upward trend. The graph (c) shows a convex transformation about the change of amplitude parameters a and b.
F. DEPOLARIZING NOISY ENVIRONMENT
Depolarizing noise is an important kind of quantum noise, in depolarizing noisy environment, the qubits are depolarized with probability η D , the system is left invariant with the probability 1 − η D , while the operators X, Y and Z act on the system with the probability η D /3. The Kraus operators of depolarizing noise are (34) .
After the qubits a 0 , a 1 , a 2 , a 3 (b 0 , b 1 , b 2 , b 3 ) are transmitted through the depolarizing noisy environment, the density matrix ρ can be rewrited as (35) , as shown at the top of the next page. In depolarizing noise, the output state (ρ D out ) b 0 b 1 b 2 a 3 can be calculated according to (36) , as shown at the top of the next page.
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In depolarizing noise, the fidelity F D of the output state can be calculated according to (13) and (36):
Equation (37) shows that the fidelity only depends on the decoherence rate in depolarizing noise. FIGURE. 8 clearly illustrates the effect of depolarizing noise on the fidelity F D and variation of the fidelity with the decoherence rate η D . 75256 VOLUME 7, 2019 FIGURE 7. Effect of bit-phase-flip noise on ABCQT scheme is visualized through variation of fidelity F F is related to amplitude information of the initial states and decoherence rate for various situations: Figure (a) with
FIGURE. 8 can be easily observed that fidelity F D shows a trend of decreasing with the increase of decoherence η D .
Finally, in the amplitude-damping, phase-damping and phase-flip noisy environment, it can be see that the fidelity of the output state depends on the amplitude parameter of the initial state and the decoherence rate. However, in the bit-flip and depolarizing noisy environment, the fidelity of the output state only depends on the decoherence rate only. In order to compare the trend of the fidelity of output state with the change of the decoherence rate in six types of noisy environment, a complex two-dimensional graph (FIGURE. 9) of different curve colors is drew. 
FIGURE 9.
The trend of the fidelity of output state with the change of the decoherence rate in six types of noisy environments. Here, we assuming that
FIGURE. 9 can be observed that the curves exactly coincide in bit-flip, phase-flip and bit-phase-flip noisy environment, the curves ''almost'' exactly coincide in phasedamping and depolarizing noise. With the same decoherence rate in the amplitude-damping, phase-damping and depolarizing noise, the fidelity (F A , F P , F D ) of the output state decreases as the decoherence rate increases, (F A , F P , F D ) can achieve 1 when η = 0, (F A , F P , F D ) reaches minimum when η = 1. And Furthermore, in the bit-flip, phase-flip and bit-phase-flip noisy environment, the fidelity (F B , F W , F F ) of the output state decreases firstly and then increases as the decoherence rate increases, (F B , F W , F F ) can achieve 1 when η = 0 or η = 1. (F B , F W , F F ) reaches minimum when η = 0.5. In a word, information of quantum state loss is the most serious when fidelity reaches minimum.
It's worth noting the above analysis can be applied to real physical scenarios, and perfect ABCQT can be achieved by assigning specific values of amplitude parameter of the initial state, this fact can be seen from the peak of the FIGURE 3-8.
V. COMPARISON
In this section, the proposed protocol is compared with the previous QT protocols. in terms of the six aspects including the type of protocol (TOP), the number of qubits transmitted (NQT), the quantum resource consumption (QRC), the classical resource consumption (CRC), the necessary operation (NO) and the intrinsic efficiency as shown in TABLE VI.
From TABLE VI, we can observe the following four points:
1) The proposed ABCQT protocol only use singlequbit measurement basis which are more efficient than multi-qubit measurements. For example, it is well known that Bell-state measurements can be decomposed into an ordering combination of a single-qubit Hadamard operation and a two-qubit CNOT operation as well as two single-qubit measurements.
2) In this scheme, Alice can transmit an arbitrary threequbit state to Bob, at the same time Bob can transmit an arbitrary single-qubit to Alice under permission of controller Charlie. However, the sender only transmits pure n-qubit (n>=3) to receiver in previous scheme.
3) Although efficiency of this scheme has no obvious advantage over other schemes, it is optimal for the transmitted quantum information of arbitrary single-qubit and three-qubit.
4) The most remarkable advantage is that this scheme is analyzed in six noise environments, it can lay the foundation for the practical application in the future. The efficiency of the schemes can be defined as (38) ,
where q s is the number of qubits that consist of the quantum information to be exchanged, q u is the number of qubits which are used as the quantum channel, bt is the classical bits transmitted. Next, a description of abbreviations: Bell-basis Measurement (BM), Single-qubit Measurement (SM), Joint Measurement (JM), Reference (Ref), Efficient (η).
VI. CONCLUSION
In view of the above, a summary is made in this section.
In this paper, a novel protocol for ABCQT by using nine-qubit entangled state as a quantum channel is proposed. Alice transmits an arbitrary three-qubit entangled state to Bob and Bob simultaneously transmits an arbitrary single-qubit entangled state to Alice under permission of controller. The construction of the channel of nine-qubit entangled state is showed explicitly, it provides reference significance to prepare the nine-qubit entangled channel in the experimental environment in the future. This scheme is discussed in six types of noisy environments including amplitude-damping, phasedamping, bit-flip, phase-flip, bit-phase-flip and depolarizing noise. We analytically derive the fidelities of the ABCQT process only depend on the amplitude parameter of the initial state and the decoherence noisy rate, then, show the variation of fidelity with the amplitude parameter of the original state and the decoherence rate in the form of a stereo image. Finally, compared with previous schemes, this scheme also shows remarkable advantages. We hope that such ABCQT protocol can be realized experimentally and this scheme can be extended to multi-party teleportation [40] in the future.
APPENDIX
Some formulas and tables are not appropriate for the body of the article, so add them to the appendix. |η 6 = (|011000000 + |011000111 + |010001000 + |010001111 + |001010000 + |001010111 + |000011000 + |000011111 + |111100000 + |111100111 + |110101000 + |110101111 + |101110000 + |101110111 + |100111000 + |100111111 ) a 0 a |η 14 = (|111000000 + |111000111 + |110001000 + |110001111 + |101010000 + |101010111 + |100011000 + |100011111 + |011100000 + |011100111 + |010101000 + |010101111 + |001110000 + |001110111 + |000111000 + |000111111 ) a 0 a 1 a 2 b 0 b 1 b 2 a 3 cb 3 |η 15 = (|111000001 + |111000110 + |110001001 + |110001110 + |101010001 + |101010110 + |100011001 + |100011110 + |011100001 + |011100110 + |010101001 + |010101110 + |001110001 + |001110110 + |000111001 + |000111110 ) a 0 a 1 a 2 b 0 b 1 b 2 a 3 cb 3 (39) 
